DUTY RATIO DETECTING APPARATUS 
WITH SMALL RETURN TIME 

DESCRIPTION OF THE INVENTION 
5 Field of the Invention 

The present invention relates to a duty ratio 
correcting apparatus, and more particularly, to a duty ratio 
detecting apparatus thereof. 

Description of the Related Art 

10 Recently, in order to enhance read operation speed, 

double data rate (DDR)-type dynamic random access memory 
(DRAM) devices have been developed. 

In a DDR-type DRAM device, the read operation is 
carried out in accordance with both of a rising edge and a 

15 falling edge of an external clock signal. Therefore, when the 
external clock signal is converted into an internal clock 
signal whose duty ratio is a predetermined value for a read 
operation mode, a duty ratio correcting apparatus is required. 

A prior art duty ratio correcting apparatus is 

20 constructed by a duty ratio adjusting circuit for receiving 
an external clock signal to generate an internal clock signal, 
a dif f erential izing circuit for dif f erential izing the 
internal clock signal to generate first and second 
complementary duty ratio signals, a duty ratio detecting 

25 circuit for detecting first and second duty ratios of the first 
and second complementary duty ratio signals, and a duty ratio 
maintaining circuit for the first and second duty ratios, so 
that the duty ratio adjusting circuit adjusts the duty ratio 
of the external clock signal in accordance with the maintained 

30 first and second duty ratios. On the other hand, in order to 
reduce the power consumption in a stand-by mode, the duty ratio 
adjusting circuit and the dif f erentializing circuit are 
deactivated, and at the same time, the duty ratio maintaining 
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circuit is electrically isolated fro. the duty ratio detecting 
circuit by a switch circuit inserted therebetween. 

Also, the duty ratio detecting circuit is 
constructed by first and second nodes, a load current 
supplying circuit for supplying first and second load currents 
to the first and second nodes, respectively, and a current 
switch connected to the first and second nodes. The current 
switch is operated in response to first and second 
complementary duty ratio signals. The load current supplying 
circuit is controlled by voltages at the first aud second nodes. 
This will be explained later in detail. 

In the above-described prior art duty ratio 
correcting apparatus, however, since the load current 
supplying circuit is controlled by the voltages at the first 
and second nodes so that the operation of the load current 
supplying circuit is insufficient, a reverse adjusting 
operation of the duty ratio adjusting circuit may be 
out whereby a return ti.e becomes a relatively large, so that 
the duty ratio correcting apparatus cannot be guaranteed. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a duty ratio detecting apparatus capable of guaranteeing the 
operation of the duty ratio correcting apparatus. 

According to the present invention, in a duty ratio 
detecting apparatus, a duty ratio detecting circuit is 
constructed by first and second nodes, a load current 
supplying circuit for supplying first and second load currents 
to the first and second nodes, respectively, and a current 
switch connected to the first and second nodes. The current 
switch is operated in response to first and second 
complementary duty ratio signals. A duty ratio maintaining 
circuit is constructed by third and fourth nodes for receiving 
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and maintaining voltages at the first and second nodes, 
respectively, A first switch is connected between the first 
and third nodes, and a second switch is connected between the 
second and fourth nodes. The load current supplying circuit 
5 is controlled by voltages at the third and fourth nodes. As 
a result, even after the first and second switches are turned 
OFF, the operation of the load current supplying circuit is 
always sufficient due to the voltages at the third and fourth 
nodes . 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be more clearly 
understood from the description set forth below, as compared 
with the prior art, with reference to the accompanying 
15 drawings, wherein: 

Fig. 1 is a block circuit diagram illustrating a prior 
art duty ratio correcting apparatus; 

Fig. 2 is a detailed circuit diagram of the duty ratio 
detecting circuit, the switches and the duty ratio maintaining 
20 circuit of Fig. 1; 

Figs. 3A and 3B are timing diagrams for explaining the 
operation of the duty ratio detecting circuit, the switches 
and the duty ratio maintaining circuit of Fig. 2; 

Fig. 4 is a circuit diagram illustrating a first 
25 embodiment of the duty ratio detecting apparatus according to 
the present invention; 

Fig. 5 is a timing diagram for explaining the operation 
of the duty ratio detecting circuit, the switches and the duty 
ratio maintaining circuit of Fig. 4; and 
30 Fig. 6 is a circuit diagram illustrating a second 

embodiment of the duty ratio detecting apparatus, according 
to the present invention. 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Before the description of the preferred embodiments, 
a prior art duty ratio correcting apparatus will be explained 
with reference to Figs. 1, 2, 3A and 3B. 
5 In Fig. 1, which illustrates a prior art duty ratio 

correcting apparatus (see: JP-A-2002-1 35 105 ) , a duty ratio 
adjusting circuit 1 receives an external clock signal CLK and 
outputs an internal clock signal I CLK . 

The internal clock signal ICLK is supplied to a 
10 dif f erential izing circuit 2 which generates two complementary 
clock signals ICLKT and ICLKF in accordance with the internal 
clock signal ICLK and transmits the complementary clock 
signals ICLKT and ICLKF to an internal circuit (not shown). 

Also, the complementary clock signals ICLKT and 
15 ICLKF are supplied to a duty ratio detecting circuit 3 for 
detecting a duty ratio D T of the internal clock signal ICLKT 
and a duty ratio D F of the internal clock signal ICLKF. 

Note that the duty ratio D T of the internal clock 
signal ICLKT is defined by 
20 D T = T 1H / (T 1H + T u ) X 100% 

where T 1H is a time period of a high level of the 
clock signal ICLKT; and 

T 1L is a time period of a low level of the clock 
signal ICLKT. 

25 Also, the duty ratio D F of the internal clock signal 

ICLKF is defined by 

Dp = T 2H / (T 2 „ + T 2L ) X 100% 

where T 2H is a time period of a high level of the 
clock signal ICLKF; and 
30 T 2L is a time period of a low level of the clock 

signal ICLKF. 

The duty ratios D T and D F of the clock signals ICLKT 
and ICLKF detected by the duty ratio detecting circuit 3 are 
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supplied via switches 41 and 42 to a duty ratio maintaining 
circuit 5 for storing the duty ratios D T and D F . Note that each 
of the switches 41 and 42 is constructed by a transfer gate. 

The duty ratio D of the internal clock signal ICLK 
5 is defined by 

D = D T0 ' / ( D T0 ' + D P0 ') • 100% 

The duty ratio D of the internal clock signal ICLK 
is substantially fed back to the duty ratio adjusting circuit 
1. Therefore, the duty ratio adjusting circuit 1 can adjust 

10 the duty ratio of the external clock signal CLK in accordance 
with the duty ratios D T ' and D F ' maintained in the duty ratio 
maintaining circuit 5, so that the duty ratio D of the internal 
clock signal ICLK is brought close to a desired ratio such as 
50% where D x ' = D F \ 

15 In the duty ratio correcting apparatus of Fig. 1, 

in order to reduce the power consumption in a stand-by mode, 
a stand-by signal STB is supplied to the duty adjusting circuit 
1 and the dif f erential izing circuit 2, so that the duty ratio 
adjusting circuit 1 and the dif f erential izing circuit 2 are 

20 deactivated. Simultaneously, the switches 41 and 42 are opened 
so that the duty ratios D/ and D/ are maintained in the duty 
ratio maintaining circuit 5 even in a stand-by mode. 

Fig. 2 is a detailed circuit of the duty ratio 
detecting circuit 3 and the duty ratio maintaining circuit 5 

25 of Fig. 1. 

In Fig. 2, the duty ratio detecting circuit 3 is 
constructed by a constant current source 31 connected to a 
ground terminal GND, an N-channel MOS transistor 32 connected 
between a node N t and the constant current source 31, an 
30 N-channel MOS transistor 33 connected between a node N 2 and 
the constant current source 31, load P-channel MOS transistors 
34 and 35 connected between a power supply terminal V cc and 
the node N t , and load P-channel MOS transistors 36 and 37 
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connected between the power supply terminal V cc and the node 
N 2 . In this case, the gates of the N-channel MOS transistors 
32 and 33 receive the clock signals ICLKT and ICLKF, 
respectively, so that the N-channel MOS transistors 32 and 33 
5 along with the constant current source 31 form a current switch. 
On the other hand, the P-channel MOS transistors 34 and 37 are 
diode-coupled, while the P-channel MOS transistors 35 and 36 
are cross-coupled. 

Also, in Fig. 2, the duty ratio maintaining circuit 

10 5 is constructed by a capacitor 51 connected between a node 
N t ' and the ground terminal GND, and a capacitor 52 connected 
between a node N 2 ' and the ground terminal GND. 

The node H x is connected via the switch 41 to the 
node N t \ and the node N 2 is connected via the switch 42 to the 

15 node N 2 \ 

The operation of the duty ratio detecting circuit 
3, the switches 41 and 42 and the duty ratio maintaining 
circuit 5 of Fig. 2 is explained next with reference to Figs. 
3A and 3B. In this case, assume that the duty ratio D T of the 

20 clock signal ICLKT is 60% and the duty ratio D F of the clock 
signal ICLKF is 40%. 

Fig. 3A shows a case where the internal clock signal 
ICLK is high, i.e., the clock signals ICLKT and ICLKF are high 
and low, respectively, when the operation enters a stand-by 

25 mode. 

First, at time tO to time tl, when the operation is 
in a normal mode, the switches 41 and 42 are turned ON, 
N/ = N, 
N 2 ' = N 2 

30 where N t , N 2 , N/ and N 2 \ also designate voltages at 

the nodes N t , N 2 , N t ' and N 2 \ respectively, 

Next, at time tl, when the operation enters a 
stand-by mode so that the switches 41 and 42 are turned OFF, 



although the voltages at the nodes N t ' and N 2 ' remain at the 
same levels, the voltages at the nodes N, and N 2 are increased 
by the load transistors 34, 35, 36 and 37. In this case, since 
the transistor 33 is turned OFF so that the voltage at the node 
N 2 , i.e., the gate voltage of the transistor 35 is increased 
to V cc , so that the transistor 35 is turned OFF. Therefore, 
the voltage at the node N t is increased up to V cc - | V thp | by 
the diode-coupled transistor 34 where V thp is a threshold 
voltage of the P-channel MOS transistor 34. 

Next, at time t2, the operation again enters a 
normal mode, so that the switches 41 and 42 are turned ON. As 
a result, the voltages at the nodes N/ and N 2 ' coincide with 
the voltages at the nodes N t and N 2 , respectively. 

Finally, at time t3, the voltages H l '(= N^ and N 2 '( = 
N 2 ) are brought close to corresponding values determined by 
the duty ratios D T and D F , respectively. 

In Fig. 3A, at time t2 to time T3, since the voltage 
at the node N 2 is always higher than the voltage at the node 
N l3 the voltage at the node N 2 ' is also always higher than the 
voltage at the node N/. This never invites a reverse adjusting 
operation of the duty ratio adjusting circuit 1. As a result, 
a return time Tl is relatively small. 

Fig. 3B shows a case where the internal clock signal 
ICLK is low, i.e., the clock signals ICLKT and ICLKF are low 
and high, respectively, when the operation enters a stand-by 
mode. 

First, at time tO to time tl, when the operation is 
in a normal mode, the switches 41 and 42 are turned ON, 

V = N 1 
N 2 ' = N 2 

Next, at time tl, when the operation enters a 
stand-by mode so that the switches 41 and 42 are turned OFF, 
although the voltages at the nodes and N 2 ' remain at the 
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same levels, the voltages at the nodes N t and N 2 are increased 
by the load transistors 34, 35, 36 and 37. In this case, since 
the transistor 32 is turned OFF so that the voltage at the node 
Ni , i.e., the gate voltage of the transistor 36 is increased 
5 to V cc , so that the transistor 36 is turned OFF. Therefore, 
the voltage at the node N 2 is increased up to V cc - | V thp | by 
the diode-coupled transistor 37 where V thp is a threshold 
voltage of the P-channel MOS transistor 37. 

Next, at time t2, the operation again enters a 

10 normal mode, so that the switches 41 and 42 are turned ON. As 
a result, the voltages at the nodes and N 2 ' coincide with 
the voltages at the nodes N t and N 2 , respectively, 

Finally, at time t3, the voltages N 1 , (= N 2 ) and N 2 '( = 
N 2 ) are brought close to corresponding values determined by 

15 the duty ratios D T and D F , respectively. 

In Fig. 3B, after time t2, when the voltage at the 
node N 2 crosses the voltage at the node N l5 the voltage at the 
node N 2 ' may be lower than the voltage at the node N/, as 
indicated by X in Fig. 3B. This would invite a reverse 

20 adjusting operation of the duty ratio adjusting circuit 1. As 
a result, a return time T2 is relatively small. Thus, the 
operation of the duty ratio correcting apparatus of Fig. 1 
cannot be guaranteed. 

Note that, in order to eliminate a voltage reverse 

25 portion as indicated by X in Fig. 3B, the gate capacitance of 
each of the load transistors 34 to 37 can be made smaller while 
the capacitance of each of the capacitors 51 and 52 can be made 
larger. In this case, however, it will take a longer time to 
enter a normal state. 

30 In Fig. 4, which illustrates a first embodiment of 

the duty ratio detecting apparatus according to the present 
invention, is the duty ratio detecting circuit of Fig. 2 is 
replaced by a duty ratio detecting apparatus 3A. The duty ratio 
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detecting circuit 3A is the same as the duty ratio detecting 
circuit 3 of Fig. 2 except that the gates of the transistors 
34 and 36 are connected to the node N t ' and the gates of the 
transistors 35 and 37 are connected to the node N 2 \ As a result, 
5 all the load transistors 34, 35, 36 and 37 are always in an 
ON state even after the switches 41 and 42 are turned OFF. 

The operation of the duty ratio detecting circuit 
3A, the switches 41 and 42 and the duty ratio maintaining 
circuit 5 of Fig. 4 is explained next with reference to Fig. 

10 5. In this case, assume that the duty ratio D T of the clock 
signal ICLKT is 60% and the duty ratio D F of the clock signal 
ICLKF is 40%. 

Fig. 5 shows a case where the internal clock signal 
ICLK is high, i.e., the clock signals ICLKT and ICLKF are high 

15 and low, respectively, when the operation enters a stand-by 
mode. 

First, at time tO to time tl, when the operation is 
in a normal mode, the switches 41 and 42 are turned ON, 
N/ = N t 

20 N 2 ' = N 2 

Next, at time tl, when the operation enters a 
stand-by mode so that the switches 41 and 42 are turned OFF, 
although the voltages at the nodes N/ and N 2 ' remain at the 
same levels, the voltages at the nodes N t and N 2 are increased 
25 by the load transistors 34, 35, 36 and 37 to V cc . In this case, 
even when the transistor 33 is turned OFF, the transistor 35 
is turned ON by the voltage at the node N 2 \ Therefore, the 
voltage at the node N t is increased up to V cc . 

Next, at time t2, the operation again enters a 
30 normal mode, so that the switches 41 and 42 are turned ON. As 
a result, the voltages at the nodes N t ' and N 2 ' coincide with 
the voltages at the nodes N t and N 2 , respectively. 

Finally, at time t3, the voltages N/(= N t ) and N 2 , ( = 
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N 2 ) are brought close to corresponding values determined by 
the duty ratios D T and D F , respectively. 

In Fig. 5, at time t2 to time T3, since the voltage 
at the node N 2 is always higher than or equal to the voltage 
5 at the node N,, the voltage at the node N 2 ' is also always higher 
than or equal to the voltage at the node N/. This never invites 
a reverse adjusting operation of the duty ratio adjusting 
circuit 1. Thus, the voltage reversing portion as indicated 
by X in Fig. 3B is never generated. As a result, a return time 

10 T3 is relatively small. Thus, the operation of the duty ratio 
correcting apparatus of Fig. 1 can be guaranteed. 

Note that even when the internal clock signal ICLK 
is low at a timing when the operation enters a stand-by mode, 
the operation is similar to that as illustrated in Fig. 5, 

15 since the load transistors 34, 35, 36 and 37 are always turned 
ON during a stand-by mode regardless of the state of the clock 
signals ICLKT and ICLKF. 

In Fig. 6 which illustrates a second embodiment of 
the duty ratio correcting apparatus according to the present 

20 invention, the duty ratio detecting circuit 3A of Fig. 4 is 
replaced by a duty ratio detecting circuit 3B where the 
constant current source 31, the N-channel MOS transistors 32 
and 33, and the P-channel MOS transistors 34, 35, 36 and 37 
of Fig. 4 are replaced by a constant current source 31', 

25 P-channel MOS transistors 32' and 33' and N-channel MOS 

transistors 34', 35', 36' and 37', respectively. Even in Fig. 
6, the gates of the transistors 34' and 36' are connected to 
the node N/ and the gates of the transistors 35' and 37' are 
connected to the node N 2 '. As a result, all the load transistors 

30 34', 35', 36' and 37' are always in an ON state even after the 
switches 41' and 42' are turned OFF. 

The operation of the duty ratio detecting circuit 
3B, the switches 41 and 42 and the duty ratio maintaining 
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circuit 5 of Fig. 6 is explained next with reference to Fig. 
7. In this case, assume that the duty ratio D T of the clock 
signal ICLKT is 60% and the duty ratio D F of the clock signal 
ICLKF is 40%. 

5 Fig. 7 shows a case where the internal clock signal 

ICLK is high, i.e., the clock signals ICLKT and ICLKF are high 
and low, respectively, when the operation enters a stand-by 
mode . 

First, at time tO to time tl, when the operation is 
10 in a normal mode, the switches 41 and 42 are turned ON, 

N/ = N, 
N 2 ' = N 2 

Next, at time tl, when the operation enters a 
stand-by mode so that the switches 41 and 42 are turned OFF, 

15 although the voltages at the nodes and N z ' remain at the 
same levels, the voltages at the nodes N t and N 2 are decreased 
by the load transistors 34', 35', 36' and 37' to GND. In this 
case, even when the transistor 32' is turned OFF, the 
transistor 35' is turned ON by the voltage at the node N t \ 

20 Therefore, the voltage at the node N 2 is decreased down to GND. 

Next, at time t2, the operation again enters a 
normal mode, so that the switches 41 and 42 are turned ON. As 
a result, the voltages at the nodes N/ and N 2 ' coincide with 
the voltages at the nodes Nj and N 2 , respectively. 

25 Finally, at time t3, the voltages N l , (= N t ) and N 2 '( = 

N 2 ) are brought close to corresponding values determined by 
the duty ratios D T and D F , respectively. 

In Fig. 7, at time t2 to time t3, since the voltage 
at the node N 2 is always higher than or equal to the voltage 

30 at the node N 13 the voltage at the node N 2 ' is also always higher 
than or equal to the voltage at the node N t \ This never invites 
a reverse adjusting operation of the duty ratio adjusting 
circuit 1. Thus, the voltage reversing portion as indicated 
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by X in Fig. 3B is never generated. As a result, a return time 
T4 is relatively small. Thus, the operation of the duty ratio 
correcting apparatus of Fig. 1 can be guaranteed. 

Note that even when the internal clock signal ICLK 
is low at a timing when the operation enters a stand-by mode, 
the operation is similar to that as illustrated in Fig. 7, 
since the load transistors 34', 35', 36' and 37' are always 
turned ON during a stand-by mode regardless of the state of 
the clock signals ICLKT and ICLKF. 

As explained hereinabove, according to the present 
invention, since a voltage reversing portion is never 
generated, the return time can be small and the operation of 
the duty ratio correcting apparatus can be guaranteed. 



